iggeries wastewater discharges represent a major pollution load on Santa Catarina State's environment (southern region of Brazil). Piggery waste have a high organic load, with a BOD 5 concentration of 20,000 mg/L and a COD around 30,000 mg/L, approximately 200 times higher than that observed in domestic wastewaters. The most common type of treatment for this waste, used at farms, is via stabilization ponds, mainly secondary and tertiary ponds, aiming the nutrients removal (nitrogen and phosphorus) (Costa et al., 2000 .
The factorial analysis is defined by a mathematical model, described by a system of linear equations, which comprehend original variables and artificial factors. The analysis consists of the determination of parameters of this linear model (load factors) and the representation of dispersion diagrams or factorial maps of the original variables. The axes that define the plan are the artificial factors and the variable coordinates are the load factors, the model correlation coefficients, which express the influence of each variable on the artificial factor (Oliveira et al., 2003) . These factors are new synthetic variables and represent a certain quality of variables in the data set. They explain the total variance of all variables in a descending order and are themselves non-correlated (Mihailov et al., 2005) .
Applying PCA analysis for primary facultative ponds, Pedroza et al. (2001) showed the occurrence of a significant and positive correlation between chlorophyll a and total phosphorous (TP), which indicates an increase in the concentrations of algae biomass corresponding to an increase in TP concentrations. This denoted that orthophosphate biological assimilation was the predominant mechanism in the pond water column. For facultative ponds with baffles treating piggery waste, Zanotelli et al. (2002 Zanotelli et al. ( , 2004 identified the existence of a strong association between total phosphorus and total fixed solids. The predominant factors in all ponds were the concentration of organic matter (COD and solids) and temperature. The predominance of the organic matter concentration factor indicates that there is a need to improve the efficiency of the treatment system, taking into consideration that this factor determines the quality analysis of the effluent. Araujo (2007) studied the behavior of an aerated facultative pond and a maturation pond, in series in real scale, used for secondary and tertiary treatment of piggery wastewater. Applying a factorial analyses (principal components analy-P sis) in the interpretation of the results showed that, for the influent aerated facultative pond, the total solids, N-NH 3 , and pH had an important effect an variance; explained to anaerobic characteristic of the wastewater, which correspond to effluent UASB reactor. The total solids showed the importance of the high concentration of the organic matter in the treatment system. For the effluent aerated facultative pond and effluent maturation pond, the main components were dissolved oxygen (DO), total solids, and E. coli. The DO is the variable that showed importance of the aerobic condition in ponds, remaining the nutrients and E. coli removal, besides of survival algal populations.
Also Oliveira et al. (2001) obtained aerobic conditions and temperature factors for both maturation ponds MP1 and MP2 with domestic effluent. However with maturation pond MP3 algae growth and temperature were the main factors. In the last pond (MP3), the first factor presented a high correlation with the BOD, COD, suspended solids; and the photosynthesis activity could influence in these variables. In another study, Oliveira et al. (2003) obtained only two artificial factors with auto-values higher than 1: aerobic conditions and temperature factors. They observed that, in MP1, the photosynthetic activity was higher and the fecal coliforms concentration was lower.
According to Nameche et al. (2000) , the Principal Components Analysis (PCA) showed that many stable variables are correlated with each other. For natural ponds and for aerated ponds, the process is governed by hydraulic loading and the evolution of nitrogen compounds is quite different from organic and particulate matter. Specific parameters such as specific dissipated power for aerated ponds and algal biomass for natural ponds appear more secondary than expected. PCA demonstrate that temperature and solar energy are highly correlated with the main factors controlling the process.
The intent of this article is to evaluate the use of the PCA in order to describe the secondary and tertiary treatment ponds performance and to identify the predominant factor in these stages of the treatment for piggery waste. The PCA enables the assessment of more reliable information about the treatment processed in each pond.
MATERIAL AND METHODS
The system utilized for the treatment of piggery waste consisted of an equalizer, a settling tank, and two anaerobic ponds (AP1 and AP2) for primary treatment. The secondary treatment occurred in a high rate algal pond (HRAP), which, with a small depth of 0.50 m, allowed the optimization of the solar energy absorption facilitating the algae development. The tertiary treatment was carried out in two maturation ponds (MP1, MP2) and in a water hyacinth pond (WHP), in order to improve the treatment efficiency, each pond was 0.70 m deep. Suspended solids and nutrients were reduced in these ponds. The treatment system was designed for continuous flow and arranged in series. The effluent went to the pond in series up to the MP1, with a daily flow rate of 600 L/d, considering that part of it (200 L/d) was sent to MP2, formed the System A, and the rest flow to WHP (400 L/d) formed the System B ( fig. 1 ). The experiment was carried out in the Experimental Unit of Piggery Waste Treatment, at the Measurements of the ponds pH, using a 8014 HANNA (Snellville, Ga.) pH meter; and dissolved oxygen (DO) and water temperature, using an oxygen-sensitive membrane probe (HANNA, YSI 55, Snellville, Ga.) were made in situ. The analytical procedures described in the Standard Methods Handbook (APHA, AWWA, WEF, 1998) were used for water quality variables: total Kjeldahl nitrogen (TKN), nitrate (NO 3 -N), nitrite (NO 2 -N), suspended solids (SS), total phosphorus (TP), ammonia (NH 4 -N), soluble chemical oxygen demand (CODs) and biochemical oxygen demand (BOD 5 ). The climatic data (wind, humidity, air temperature, solar radiation, rainfall) were provided by the Agricultural Research Company and Extension Rural of Santa Catarina (EPAGRI). The chlorophyll a (chl-a) was determined according to Nusch (1980) . The phytoplankton (phyto) samples were fixed with lugol and the microorganism identification, in a general level, was done by means of a Neubauer chamber and an Olympus BX 40 microscopic (40 and 100 times amplifications) (Melville, N.Y.), coupled with an image analyzer system (Image Pro-Plus, Bethesda, Md.). The samples were collected fortnightly, in the morning, at the outlet of each pond. The experiment was conducted for eight months (February to October).
The performance of the ponds HRAP, MP1, MP2 and WHP was evaluated by means of the Principal Components Analysis (PCA), with the LHSTAT Statistics Program 2004, version 1.0, aiming at the identification of the predominant factor in each pond. The PCA was applied to describe the relation between 18 variables (chemical, physical, biological and climatic) in the ponds and the relation with their performance. The Kaiser criterion was applied and it established that the artificial factors with auto-values higher than the unity should be taken into account. Seven artificial factors were obtained from the analysis, adapted from Silva Filho et al. (2001): S stabilization factor of the aerobic process, describes mainly the influence of pH; S nutrient removal factor, provides a proper environment for algae development and nutrient removal (nitrogen and phosphorus) through biological assimilation; S organic matter concentration factor, indicates the need for watching the effluent discharge in the receiving bodies, due to an insufficient organic matter removal or excess of suspended solids, which presented higher correlation with BOD 5 and COD variables and sometimes with suspended solids, fecal coliforms and chlorophyll a; S aerobic conditions factor, describes the oxygen positive balance (DO) in the pond, representing the phytoplankton oxygen productivity. It may be correlated with the solar radiation; S algae growth (phytoplankton) factor, it is correlated with the chlorophyll a and is associated with BOD 5 , COD, suspended solids, dissolved oxygen and pH. It indicates the production of the system; S temperature factor, related to the temperature, influences the biochemical reactions velocity that are processed in the pond and the daily stratification cycle and mixture that influenced the intensive contact between microorganisms and liquid mass. The factor may present good correlation with solar radiation; S climatic conditions factor, describes the importance of humidity, rainfall and wind interference in the biological systems dynamics.
RESULTS AND DISCUSSION
The average values, standard deviation, lower and higher values, and efficiency (e) for physicochemical and climatic data, during the monitoring period for every pond, are presented in table1. The average temperature of the liquid mass remained around 17°C. The average concentration of DO differed among the ponds, reaching 5.60 mg/L in MP1 and 2.10 mg/L in WHP. The pH varied from 7.00 to 8.85 among the ponds, presenting higher values in the maturation ponds.
The ammonia concentration was reduced during the treatment steps and its average concentration was smaller at the outlet of System A (19 mg/L) than System B (28 mg/L). The same occurred with TKN. The nitrites concentration was high in the HRAP and decreased at the end of the treatment system, but System A presented a higher concentration (32 mg/L) than System B (23 mg/L). The nitrates followed the same trend in HRAP (373 mg/L), but the average concentration was higher in the outlet of the System B (92 mg/L). Phosphorus was reduced along the system with similar concentrations in Systems A and B.
The average values of suspended solids (SS) were higher in HRAP, due to a large quantity of algae, and the concentration of these parameters at the end of System A was a little higher than in System B. However, the chlorophyll a concentration was higher in HRAP, as well as CODs and SS, due to algae presence (phytoplankton).
PCA-HRAP
In the PCA-HRAP pond, the nutrient removal factor was related to factor 1 (TP), the growth algae factor to factor 2 (SS) and the stabilization process factor to factor 3 (pH). The three main artificial factors showed in table 2 explained 61.6% of the variance of the variable.
The main parameters related to factor 1 were CODs, TP, NO 2 -N descriptive of the organic matter concentration and nutrient removal factors. The CODs, TP, NO 3 -N, NH 4 -N had a positive correlation among themselves and represent the variables that explained the system biochemical behavior. They did not influence any other environmental parameters group, which also had a negative correlation, consisting of solar radiation, rainfall, dissolved oxygen, air and water temperature, and chlorophyll a. Factor 2 was strongly negatively correlated with SS and solar radiation, which describe the algae growth and aerobic conditions factors. Factor 3 presented correlation with the pH, which describes the stabilization factor of the aerobic process.
PCA-MP1
In the PCA-MP1 pond the nutrient removal (NH 4 -N) factor is related with factor 1, the aerobic conditions (solar radiation) factor related to factor 2 and the organic matter (BOD 5 ) concentration factor referenced to factor 3. Table 3 shows the three main artificial factors that explained 67.6% of the variable variance.
Factor 1 was positively correlated with CODs (organic matter concentration), NH 4 -N, NO 3 -N, NO 2 -N, TKN, TP (nutrient removal factor) and had a negative correlation with the chlorophyll a, descriptive of algae growth factor. The second factor was negatively correlated with the solar radiation, descriptive of aerobic conditions factor. Furthermore, the third factor was negatively correlated with BOD 5 , descriptive of the organic matter concentration factor.
The organic matter concentration factor is characteristic of ponds which present the effluent with the worst quality, due to the influence of variables like BOD 5 and CODs, along the pond series of the treatment system. 
PCA-MP2
The nutrient removal factors related to factors 1 and 2 were attributed to TP and TKN, respectively, and factor 3 was related to algae growth (chlorophyll a) factor. The three main artificial factors (table 4) explained 65.6 % of the variable variance.
The first factor was positively correlated with CODs (organic matter concentration), NH 4 -N, NO 3 -N, NO 2 -N, TP (nutrient removal factor) and negatively correlated with the air temperature, descriptive of temperature factor. The second factor showed a positive correlation with humidity (climatic condition factor) and a negative correlation with TKN (nutrient removal factor). The third factor, considered to be less important, did not present a correlation coefficient higher or equal to 0.7 to any other considered variable. However, the chlorophyll a correlation with this factor is almost 0.7, which indicates an algae biomass development.
PCA-WHP
The representative factors in WHP was the nutrient removal (corresponded to factor 1, abscises) factor, due to its high correlation with coefficient TKN. The air temperature factor was associated with factor 2 (coordinates axis) and the algae growth factor, related to SS, was correlated with factor 3. Table 5 shows the three main artificial factors that explained 66.2 % of the variable variance.
Factor 1 presented a negative correlation with the CODs (organic matter concentration factor), NO 3 -N, NO 2 -N and TKN, descriptive of the nutrient removal factor. The second factor presented a negative correlation with temperature (air and water) factor. The third factor was positively correlated with the SS, descriptive of the algae growth factor. The two main factors, related to axis 1, were TKN and humidity, negatively correlated. During the periods when the TKN concentration was increased, lower humidity content was observed and vice versa. Concerning the phytoplankton, it was possible to observe a reverse relation with the total phosphorus.
The artificial factors of PCA, obtained for the piggery waste ponds systems, are presented in table 6.
The most important results were the nutrient removal and the algae growth development. In HRAP, the algae development was responsible for the nutrient removal and the photosynthesis activity, elevating the pH. In MP1, the aerobic condition factor was significant, explained by a higher concentration of dissolved oxygen (it reached 8 mg/L). The algae removed the nutrients, such as nitrogen compounds and total phosphorus, but the organic matter (BOD) concentration remained high, demonstrating the necessity of the improving the efficiency of the treatment system. MP2 was influenced by algae growth and nutrient removal. In WHP, the significant factors were nutrient removal, temperature and algae growth. The temperature factor was not expressive in the maturation ponds and HRAP. The organic matter concentration was obtained in all ponds, due to adequate environmental conditions for algae development and the assimilation of nutrients. The aerobic conditions factor was very important for the ponds good performance. The stability process factor, which occurred in HRAP, indicated that the pH variable presented concentration of 9.5 unities, which caused reduction of the total phosphorus concentration in this pond.
These results are closer to those of Zanotelli et al. (2003 Zanotelli et al. ( , 2004 , for which the PCA showed that the organic matter concentration factor was predominant in ponds treating piggery waste. Silva applied the factorial analysis to high organic load ponds for domestic wastewater which resulted in the interpretation of the factors, in decreasing order in percentage of explanation of the total variance of the variables (and auto-value higher than 1): algae growth, temperature, and aerobic conditions to maturation pond M1; aerobic conditions and temperature to maturation pond M8; and aerobic conditions and algae growth to maturation pond M9.
CONCLUSION
The treatment system achieved a good removal of nitrogen compounds and total phosphorus which denoted the efficiency of the piggery waste treatment system.
The PCA demonstrated that the nutrient removal factor was predominant in all ponds.
Algae removed the nutrients (nitrogen compounds and phosphorus) and elevated the pH, DO and BOD concentrations. The nutrient removal could be attributed to phytoplankton uptake and growth, stripping, nitrificationdenitrification and precipitation processes.
The artificial factors evidenced the importance of aerobic conditions associated with the efficient performance of the system.
